Omega 3 fatty acids have been shown to support reproductive performance in dairy cows, but large amounts are needed due to ruminal biohydrogenation of fatty acids. Three long-term large herd feeding trials, two with heifers and one with mature cows, were conducted to evaluate the effects of adding a rumen protected fish oil supplement on reproduction. In all trials, there were over 1000 animals eligible to be bred/treatment. Cows received a ration with 40 g of a rumen protected fish oil supplement (Salmate  the Ballard Group, Cincinnati Ohio) during the test periods, while controls received no supplementation. The additive was provided to the test cows from the onset of lactation until 90 ± 5 days in milk. Cows entering the pen on or after the first day of the study were included in the dataset. Individual cow records were compiled by Dairy Herd Improvement Association (National DHIA, Verona WI USA) were compared to records from the same time period the year prior. Results were compared using ANOVA for single mean variables and Fisher's exact test for proportional data. In trials 1 and 2 involving heifers, pregnancy rates were improved (22.4% vs 14.8% in trial 1 and 22.0 vs 17.8% in trial 2, (p < 0.05)). In both cases the improved pregnancy rate could be attributed to higher numbers of cattle bred that became pregnant (P < 0.05), resulting in fewer services/conception (P < 0.05). Early embryonic abortion rates were under 2% in trial 1 and did not differ by treatment. Embryonic abortions rates were 9.2% for the control group as compared to 5.6% for the test group in trial 2, but failed to reach significance. There were no differences in pregnancy rates for the mature cows evaluated in trial 3 (P > 0.05). However, early embryonic abortion rates were 16.8 during the control period, as compared to 4.7% during the test feeding period. The rumen protected omega 3 fatty acid supplement was found to be of benefit to reproductive performance in dairy cows.
Introduction
The cornerstone of successful dairy management is maintenance of reproductive performance. In spite of the development of excellent synchronization and timed artificial insemination programs, conception rates in high milk producing herds remain low [1] [2] [3] . There are many potential breaches in the reproductive cycle where such failure can take place, from pre-ovulatory development through to aborted fetuses.
Walsh et al. [4] concluded that the most important causes for reproductive failure are negative energy balance in early lactation, poor detection of estrus, failure to produce high quality oocytes, and lack of sufficient progesterone production after fertilization. Other than estrus detection, these events can be mitigated to some extent and managed with nutritional support. For example, it is now better understood that the extent of and the duration of negative energy balance in early lactation is correlated with the interval to first postpartum ovulation [5] and can be reduced with dry cow feeding programs that improve intake during early lactation [6] . Reducing negative energy balance would likewise be expected to impact the quality of developing oocytes [2] .
Fatty acids have also been demonstrated to play a role in optimizing reproductive performance in dairy cows. Two fatty acids are currently considered to be essential: linoleic acid (C18:2 ω-6) and linolenic acid (C18:3 ω-3). Linoleic acid can be used to synthesize other ω-6 fatty acids, while linolenic acid (LA) can be used by tissues to synthesize other ω-3 fatty acids. Shortly after calving, the uterus synthesizes prostaglandins from the F series from the ω-6 fatty acid family. These inflammatory compounds support the regression of the corpus luteum, uterine involution and ovulation [7] . Lipid mediators originating from the ω-3 on the other hand have been shown to reduce the effects of estrogen, and to promote the release of progesterone [8] . Furthermore, Omega 3 fatty acids have been shown to improve oocyte development [9] .
The problem with supplementation of essential fatty acids to ruminants is two-fold. First, fatty acids undergo lipolysis and biohydrogenation in the rumen.
As a result, very little unsaturated fatty acids are available for absorption.
Second, unsaturated fatty acids are toxic to rumen microbes [10] . Doreau and Chilliard [11] showed that higher amounts of fish oil given to dairy cows (>300 ml) resulted in lower dry matter intakes and reduce total milk fat synthesis. Open Journal of Animal Sciences Mattos et al. [12] reported a 26% reduction in milk fat yield with 200 g of fish oil when compared to 200 g/d of olive oil. Thus there is a need to supply essential fatty acids, but in a form that does not interfere with rumen production.
On-farm trials offer the opportunity to evaluate large numbers of animals, and to better gain a perspective in performance parameters that may be too variable to evaluate in typical academic herds. Furthermore, reproductive performance can only be analyzed in retrospect, and is therefore a lengthy process that is not conducive to study in short term experiments. In order to evaluate the efficacy of a rumen protected fish oil supplement, three on-farm field trials were conducted with large well managed dairy herds.
Materials and Methods
All animals participating in these studies were handled in accordance with guidelines outlined by FASS [13] . These experiments did not impose any stress to the animals, but rather utilized information from record keeping systems already in use.
Three trials were conducted to evaluate the inclusion of a high omega 3 fatty acid supplement upon the reproductive performance of dairy cows. The herds involved in the studies were selected on the basis of superior management and maintenance of records, and were monitored by the attending consulting nutritionists. All records were compiled by Dairy Herd Improvement Association (National DHIA, Verona WI USA). Studies 1 and 2 were conducted in the Mid-West Dairy Belt in the USA, and involved heifers only. In both trials, heat detection was assessed using the Select Detect™ heat detection system. In brief, as cows approach estrus, physical activity increases. Monitors attached to cows detect movement on a continuous basis, and transmit the information to base stations, when the information is analyzed and used to schedule artificial insemination [14] . Heifers were inseminated at the first heat past the 55 day voluntary waiting period. Study 3 was conducted in Central Florida, USA and involved multiparous cows. These cows were on a scheduled artificial insemination program (Ovsynch). Cows were allowed a 57 day voluntary waiting period prior to entry into the program. Cows were injected within one week past the voluntary waiting period with 2 cc of commercially available gonadotropin releasing hormone, and followed by a 2 cc injection of gonadotropin releasing hormone 48 hours later. Cows were artificially inseminated upon detected heat.
In all studies, cattle received a ration with 40 g of a rumen protected fish oil to be open after they were diagnosed to be pregnant. This value represents early term abortions.
Results
Results for the first primiparous study are given in Table 1 . Although heat observed was lower (P < 0.05) during the test period than during the control period, the pregnancy rate was higher (P < 0.05) for the test supplemented group of cows, due to a greater percentage of cows diagnosed as pregnant. This is also reflected in the number of services/conception, which was greater during the control period (P < 0.05). There were no differences in early term abortions. The percentage was very low in this herd.
Similar results were found in the second trial, which also involved primiparous cows. In this case, there were no differences in heat observed. Again, the percent bred that became pregnant and pregnancy rates were improved with the addition of the rumen protected fish oil to the diet. There were no differences in early term abortions that could be attributed to the treatment imposed (P < 0.05) ( Table 2) .
Results obtained when the supplement was provided to multiparous cows are shown in Table 3 . In this herd, there were no differences in heat observed, the percent bred that became pregnant, pregnancy rate or services/conception.
However, there was a reduction in the early term abortions for the period of time that cows received the supplementation.
Discussion
Large commercial dairy herds were used in these studies in order to obtain sufficient data to assess trends in reproductive performance from the use of the rumen protected fatty acid supplement. Herds were selected because the herd management maintained excellent records and took care to insure that correct quantities of the supplement were provided. The advantages of this type of study over an academic study include the fact that large numbers of cows are available for enrollment, and cows are not needed for subsequent experiments, and reproductive performances can be followed for extended period. There are some disadvantages. With the data comparing year over year, and it is possible to be influenced by environment (positively or negatively). Managerial changes, such as animals/pen or new equipment can also influence trial outcome. In these studies, the herds remained stable for both the control and test periods. It is therefore possible to draw inferences from the data obtained in these three trials.
Trial 1 and trial 2 involved heifers only. The percentage of cows bred that became pregnant was higher in both studies when the fish oil supplement was provided prior to breeding. In contrast, there were no differences in this variable in Trial 3 , where mature cows were tested. It is of interest to note that the percent bred that became pregnant were higher for the control treatment in Trial 3 than in Trials 1 and 2. It is possible that the opportunity to improve this parameter was greater for the cattle in Trials 1 and 2 and more limited in Trial 3.
In a summary of older studies Sreenan and Diskin [15] , estimated early embryonic mortality (1 -28 days) in inseminated cows to be between 25% -30% of all pregnancies, with late embryonic mortality (29 - Table 3 . Results for mature cows given a rumen protected fish oil supplement from January through June 2011 to 2012. recently, Chagas e Silva et al. [16] reported early embryonic mortality of 33% -37%, and late embryonic mortality of 11% -24%. Early embryonic mortality was lower in these three trials than average, but the percentages were numerically lower in Trials 1 and 2 and statistically lower in trial 3 when the supplemental fish oil was provided. Early embryonic mortality on average was higher in Trial 3 involving mature cows than in Trials 1 and 2 where only heifers were tested. Differences between cows and heifers might be expected. Sartori et al. [17] determined that embryo quality was much better for heifers than for mature cows. Romano et al. [18] studied 360 cows and 160 heifers and reported 16.4% embryonic mortality in cows as compared to 8.8% in heifers. This may be due to the demands of lactation as Sartori et al. [17] also found differences between dry and lactating cows with respect to embryo quality.
There is a logical role for omega 3 fatty acids in embryo survival. According to
Otto et al. [1] omega 3 fatty acids are key to embryo survival. There is ample evidence to show that maternal reproductive tissues reflect the fatty acid profile of the fats being absorbed. These dynamic tissues have the ability to change with the diet being offered. Silvestre et al. [19] demonstrated that the fatty acid profiles of uterine cotyledons and caruncles could be altered by the type of fat provided. Wonnacott et al. [20] found that granulosa cells contained higher concentrations of EPA and DHA when provided to ewes 6 weeks prior to ovarian stimulation. The n-3 poly unsaturated omega fatty acids are required for the synthesis of steroid hormones. Progesterone is essential to support embryo development and implantation [21] . In addition, longer chain omega 3 fatty acids from fish oil have been shown to counter the action of PGF2 alpha in the uterus [12] . It has been shown that cows that exhibit an early post-insemination increase in progesterone by uterine tissues have an improved chance of conserving their pregnancy [4] .
Fish oil longer chain fatty acids DHA and EPA are generally considered more effective than linolenic acid in supporting pregnancy. Although these fatty acids are synthesized from linolenic acid, linolenic acid and linoleic acid compete for shared desaturase and elongase enzymes [22] , which can limit the conversion of linolenic acid to DHA and EPA. The extent of biohydrogenation of fatty acidsis unpredictable, but in general is extensive. Doreau and Chilliard [11] ruminally infused 300 g of fish oil in the rumen of cows, and recovered very little of the EPA and DHA in abomasal contents. Kairenius et al. [23] provided cows with 250 g/d of fish oil, supplying 15.9 g of EPA and 10.9 g of DHA. However, only 1% of each was recovered in the abomasum. Similarly, Shinfield et al. [24] recovered from the abomasum only 2% of the 43.5 g of EPA and 27.7 g of DHA provide in a diet where 250 g/d of fish oil was supplemented. In addition, Boeckaert et al. [25] determined that the presence of DHA in the media in vitro studies reduced the biohydrogenation of linoleic acid, which resulted in greater formation of biohydrogenation intermediates known to reduce milk fat synthesis in addition to increasing absorbable linoleic acid to compete with omega 3 fatty acids.
In spite of significant biohydrogenation, there has been response to added fish oil, suggesting that the small quantities that escape the rumen can be beneficial to the reproductive performance of cattle. While it is no longer economically practical to provide large amounts of fish oil to cattle, there are some examples.
Mattos et al. [12] provided cows with 200 g/day of fish oil and determined that levels of PGF2a could be reduced. Silvestre [19] provided cows with 1.5% of the diet as calcium salts of fish oil. In that study, embryonic losses were reduced with the fish oil supplementation.
In these trials the amounts of rumen protected EPA and DHA provided were small. However, based on the assumption that 15% of the EPA and DHA would escape fermentation, these concentrations were calculated to provide sufficient amounts of EPA and DHA based on results from published accounts of improved reproductive performance when unprotected fish oil was supplied in the diet [26] [27] [28] [29] . The test product evaluated in these trials appeared to deliver sufficient quantities of DHA and EPA to promote improvements in reproductive parameters in these herds. The ability supply these fatty acids post-ruminally may have been the key to their use.
Conclusion
Even though amounts provided were small, diet augmentation with a rumen 
